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V. 8. Gott
M. 1. Korsunekiy
F, I, Lange

Lﬁ-ote: The following is an article that appeared in the Izvestiya Akademil
Nawk S88R, Seriya Fizicheskaya, Yelume 1V, No. 2 (2940}, which Lscue in ene
tiraly devoted to the works disoussed at the canference on auclear physice

; held at Kharkhov during 15.20 November 1939.

‘ The Englishe-language summary will be glven firet of this nrticle:]

Bnglish~langupge Summary: In the prosent paper the method for obtaining
otrong ionic currents in a comparatively high veounm (ahout 10"1"' mn Hg) i
desoribed, The method ig bated on the high lonising capneity of slow ol-
ectrons, Tho path and nurber of electrons should be increased to enlerge

the resulting ionic ourrent. Two methods of anolying electrien) fields

that lead to an incremse of the effective elactron path (oncillation) are dis-

cussed here, Analysis of experimental dnta obtaned gives:

Iy /1. Preesure in MM/Hg
; 1) Yo oscillations 0,052 1.36-10'”‘ 1m/He -
2) Oylindrical field 0.108 1,36+20"% my/Eg
1 3) Nearly spheriesl field 0.680 2. '10'“ mm/He,

! In our experiments with pressures glven, ionic currents of several

; tens of milliamperes could be obtained, This method of obtalning great

| ienie currents has various adventeges, as compared with exlsting methods,

! It requires no pressure difference votween the space where the ionization takeg
X place and the accelerating part of the epoaratus) the construction of the
apparatus is simple and it does not conswme much energy - for example, in
order to obtain ionic cwrrent of 65 milliamperes at the pressure of

1,_36.10-"’ mm/Hg the required power is only 18 watts,

-l
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In & rocent paper by G. W, Boott (Fhysicel Review, 55, 9ok, 1979),
the idea of obtehing ions by means of bembardment by slow aleotrons at the
prescure of 3'10'“ mm/He L6 made use, However his result of 1*/1~ = 0,006
ions per eleotron is erronoous, since it contredicte the well osteblished

faots concerning the ionizing cavacity of electrons,

—————————

The methods ordinarily employed to obtain ione (ohannel reys, lowe
voltage arce, cnplllary arcs, gas-magnetrons, ote) are characterised by tve
poculiarities, Tho first of these ig that the lone are crested in the form
of a oharply concontrated beam or roy; ond the second is that in order to
form cuch a beam it Lo necessary to divide the entire apparatus inte two ]
vorts with a large drop in pressure (note: an excoption is the work of
A, A, Slutokin, S, Ya, Braude and I, M, Vigdorchik; see their article in
Zhurnal Eksperimental'noy i 'reor_etiohoukoy TLziki 5, 66, 1935, whore they
describe obtaining en ion current of 162 miorosmperes in a high vacuum of
105 mn/Hg.).

In o number of cases it is not necessary to concentrate the ionss
gometimes it io oven not desirable. At the seme time, the presence in the
spparatus of a separating vacuun greatly complicates thinge and creates a
nurber of inconveniences during operstlons.

In this connection we posed the preblem for ourselves of working out
o method of obtaining m powerful beam of lons in a comparatively high ve=
cuum, which method would not require the division of the apparatus into
two parts. In this case we coneidered 1t possible to stop concentrating
the ion beam in that part of the apparatus where the beam is ereated, by
permitting its subsequent focussing.,

The ssence of the Method: At the basis of the method worked cut was
the well lmown fact that the ionizing capaclty of elactrons depends upon
their enerzy end in a definlte reglon they possess thelr optimum value.
Using for ionization such electrons one can depend upon obtalning great

ion currents,
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A eimple oaloulation shows that for optimum Gonditions in one om of
path and for a pressure of 10‘“ mm/Ee, ubler which condition many installs
tione operste for the purposa of accelerating iene, the prodability of ion
formation in suffliclently significant, being equal epproximately te 0,0025,

Ooncequently. & large numbeyr of electrons vosseseing optimum enorsy traverse
a coneldorable path,

The IDxperimental Installation: 1In our.experiments we emloyed two
differont arrangoments of the elect;cdeﬂ. In each of trose the eloctrioal
fiold directins the olectron boam serves similtaneonsly aleo as a fleld

drawing out the lons, The dlepooition of the electrodes and the diatridution

of the potentials botween them were so sclected that the electron is foroced

to pasa soveral timesn through the opace vhore the formation of ione is oco-
ewring, thus maldng greater the effective path length, The diatingulehing

foature of the apperatus represented in flgures 1 and 2 45 in the nature of

the electrical field arising vetween the corrosponding oloctrodes,

Between the cathode X end the grid & (figure 1) @é"zfeéégara field v

that accelerates the electrons, Part of the electrons passag throush the

grid Gy and falls into the space between the grid Gl and the grid Gz + The

potential of grig G? i taken the same as the notential of the cathode or

even still more negative: that ie y the grid Gz is an electricnl mirror for

the electrons, ‘The electrons stovved between the grids 01 end G2 return

back to the griq Gl, partdally pass throuzh the grid, are stopped neer the
cathode, and the entire brocess is repeated again, The ions forming in the
8pace 01-62 are drawn to the grid 02 and partially nass through this grid,

The grid G2 ia electrically connected to the cylinder Ll » which together with

the cylinder L2 (during imnosition of the potential difference) forms the
electrical lens; P is the Faradoy trep which serves to memputasthe nunber

of lons that have passed the electrical lens, The iong forming in the space

between the eathode and the gria Gy are drewm by the f£isld in th

e direction f
toward the netellle plate S, whose pobents '

al is taken ag Bumevhnt: nowe oy !
negabive; thas the potential of the cathode,

portion of a sphera,

The plate S hpe the shaps of a

-3
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Tigure 2 chovs the conflguration of the clectrodes between which the

ionization takes place = thie is the shaps wsed in the secend series of teste,

The plhte 8 in these experiments was comneoted with the cylindrical
grid o3 and the grid Gy, with ald of which the electrons wore accelorated,
was replaced by the small dall B, held fast by the matallioc rod O, For such
a dioposition in the reglon olose to small ball a field is oreated in the
well lmown form of a contral field, This ciroumstance should favor the
longthening of tho path traveled by an electyon watil ite capture 'oy'the
omall ball B,

Results of Measuremonbta: UWith the sbove-doccribed apparatus we carried
out measurements on the ratio I“'/ 1" (namely, the ratiesof the lonic current
to the emisclon current) for various conditions: namely, for varlous gae pre=
ssures within the apporatus (in all the oxperiments, ordinary alr served as
the gao filling the avparatus), for varlous emission filaments, for various
accolorating and stopping votentials,

Measurements of the vacuum were conducted dy means of the lMacleod
monometer. For control of the vacuum measurements we employed our apparatus
ag an ionization manometer while conducting suitable hoolcups; in addition we
carried out an esgeriment.in the abaence of o discharge when a high voltage
was applied between the cylinders I, and I, (voltames up to 50 kv),

Mese control experimente indicate the efficlency of the readings
from the Macleod manometer wunder our experimental conditions.

Comparison of the experimental data obtained give&he following

0.680 2 100

table: .o
Bxperimental Values of I7/I” for Various Conditions
Conditions h 1" ma| ¥ ma| 11" P mm/Hg B
Absence of Oscillations Lo 2, 0,052 1.36°10 , ‘
Cylindrical Field 4o 4.3 0.108 | 1.36207" ;
L i
Pield Olose to Spherical Lo 27,2

e

In our experiments we were sble with the indicated pressures to ob- i
»’»“Mr A ) i
tain lonle currents Mmg:hmmm several tens of milliamperes. The
'9
described method for obdtalning gg'aa.# ionle currents possesses a number of

admentages in compakison with present methods, This method does not require
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a drop in pressures between the space of ionization and the accelerating

part of the amparatusy it ie simple in construotien and requires small
power comswmpilon (for examale, in order to obtain a 65=ma ion current ab
a prossure of u.aé'm"" nm/Hg one needs a powor oxpendlture of only 18 w),
From among the possibdle applications of this method ongi%zota at this |

time the followlng twot 1) wee of the lon source as a high=vacuun
diffusion pump of high officloncy; and 2) epplication of great ien curronts
i abtekned by this method for the production of isotoypes,
| In tho recently publishod work of Scott (Physiocal Roview 55, 994, 1939)
| he omployed the principle of obtaining ions by means of the collinion of slow

oluctronn for o pressure of 3'10'1" nn/He, However, the result ohtainbd hy

Scott (namely, I*/I” = 0.006 ion/ecloctron) is orroneous, eince 1t ocondrndicts

tho well established data concorning the ionizing capacity of electrone.

; Laboratory of Impulse Voltoges
| Acpdeny of Sclences of the USSR
Kharlcov,

————————

\[\ Figure 1, Schematic Drawing of the Ion Source

Fgure 2, éonﬁgumtion
of the olectroden in the
case of a fleld close

to o field of centrklic

symmetzy,

? ’ w3«  HND
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